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Abstract 
Green rooftop systems are a new concept in South Africa.  South Africa is a developing country with unique needs and thus 
aiming to implement green rooftop systems might require a different approach to first world cities with already the successful 
implementation of green rooftop systems.  Green buildings are necessary to culture healthy cities and green rooftop systems 
contribute to changing buildings to being green to some degree. 
The empirical study was done by means of questionnaires and field notes.  Questionnaires were sent out to the individuals 
working in the built environment to obtain expert opinions as well as to citizens of Johannesburg in order to obtain the view and 
perspective of the general population regarding green rooftop systems.  Rooftops in Johannesburg were investigated and field 
notes were taken in order to determine the current standing and potential of green rooftop systems in Johannesburg.   
The findings indicate that there is a lack of knowledge amongst the professional team members in the construction industry 
regarding the construction of green rooftop systems.  This indicates why professional members of the construction industry do 
not recommend the development thereof. The findings further indicate that there is a lack of knowledge regarding the advantages 
presented by green rooftop systems.  Despite the lack of knowledge in the industry, the materials needed to construct green 
rooftop systems are available in South Africa. 
Despite the lack of knowledge, the findings further indicate that there is a demand for green rooftop systems in South Africa and 
specifically Johannesburg.  The reasons for the demand thereof, despite the fact that there are green parks available, includes the 
following: the existing green parks are mostly avoided due to crime and dangerous and green rooftop systems provide a private, 
safe and secure natural environment; job creation provided by the new industry will be most welcome due to the high 
unemployment rate in South Africa; better insulated buildings is in demand in order to save electricity as South Africa often has 
insufficient power supply;  improved air quality is needed specifically in the Johannesburg metropolitan due to existing bad air 
conditions; aesthetical satisfaction.   
The findings also indicate that the financial impact of the construction green rooftop systems is a great concern and is a factor 
that is limiting the development of green rooftop systems in South Africa.  Incentives from the government will contribute in the 
implementation of green rooftop systems.  The semi-intensive green rooftop system is however a feasible option for South 
African circumstances and sufficient revenue can be gained from the construction thereof in the private sector without incentives.     
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1. Introduction 
Cities in South Africa are expanding with new developments.  At the forefront of expansion is Johannesburg.  
Between 2001 and 2011, the population of Johannesburg increased by an average of 121 000 annually.  An average 
number of 43 000 new homes were built every year over the same period.  According to City of Johannesburg [4], 
Johannesburg is forecasted to double in size by 2040.  With development and expansion comes an increase in 
pollutants as stated by Momberg and Grant [15] and a decrease in desirable living conditions.  Together with 
undesirable air quality, other challenges are present in growing cities as pointed out by Rode and Burdett [20].  
South Africa is a developing country, which means that there are obstacles to overcome.  People in cities are drawn 
to green areas such as parks and botanical gardens.  As cities develop, fewer green areas are available for citizens to 
escape to.  Rooftop gardens might help eliminate the complete loss of green areas in cities according to Peck and 
Kuhn [18]. Grové [10] states that if plants are replaced by creating rooftop gardens, it might help solve air quality 
and environmental issues.  There is a significant difference between flora and climates of South Africa compared 
globally. Therefore, rooftop gardens may require a different approach in South Africa than in other countries.  The 
research aim is to determine the factors that should be considered in South Africa when constructing rooftop 
gardens.  In South Africa, certain materials might or might not be available.  South Africa might have certain skills 
or a lack thereof.  Green rooftop systems might be a new concept for South Africans and a lack of knowledge goes 
with it.   
2. Analysis of green rooftop systems and their effects 
 
According to National Roofing Contractors Association [16], there are three main types of rooftop systems: 
Extensive, semi-intensive and intensive systems.  These systems are generally differentiated by the depth of the 
planting medium, variety of plants and the amount of maintenance required as stated by Peck and Kuhn [18].  The 
extensive green rooftop system has a growing medium of 5-15cm deep, vegetation consisting of sedums, moss and 
perennials and requires little to no maintenance.  The semi-intensive green rooftop system has a growing medium of 
15-25cm deep, vegetation consisting of small shrubs, lawn and perennials and requires some maintenance.  The 
intensive green rooftop system has a growing medium of 20-60cm deep, vegetation consisting of shrubs, lawn and 
trees and requires intensive maintenance as presented by National Roofing Contractors Association [16] and Peck 
and Kuhn [18].  
Green rooftop systems have various effects on the building; citizens in close proximity and the micro and macro 
environment.  Green rooftop systems contribute to a buildings’ energy savings. The green rooftop system acts as 
insulation as per Biello [2].  In summer, the green plantings on the roof shades the building from solar radiation.  In 
winter, the growing medium provides an additional layer of insulation as presented by Carpenter [3] and Peck and 
Kuhn [18].  Green rooftop systems extend the life of the roof membrane as per Miller [14].  
 
Nomenclature 
PM10 Particulate matter 10 micrometres or less in diameter (coarse particles) 
PM2.5  Particulate matter 2.5 micrometres or less in diameter (fine particles) 
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Greenroofs [9] states that green rooftop systems may increase the lifespan of a conventional roof by double the time, 
which prolongs the practical life of the roof to 20 years.  Green rooftop systems block sounds partially as presented 
by Van Renterghem and Botteldooren [22].  According to Grové [10], The growing medium may block the lower 
frequencies of sound and the plants may block the higher frequencies of sound.  Green rooftop systems may help 
slow down the spread of fire to and from the building through the roof, especially where the growing medium is 
saturated as mentioned by Peck and Kuhn [18].  According to Miller [14], Green rooftops represent a strategy that 
contributes to the control of the runoff rainwater in urban environments.  It is, thus, a viable tool for stormwater 
management.  Akbari [1] states that green rooftops help mitigate the urban heat island effect by lessening the dark, 
exposed concrete surfaces and by the transpiration process of plants.  Habitats are provided in areas where there is 
little vegetation as given by Grové [10].  According to Carpenter [3], new links are created between existing areas 
and additional habitats may be provided for rare or important species.  Green rooftop systems also increase 
commercial and recreational space as stated by Carpenter [3].  It has been suggested that green spaces reduce stress, 
reduce patient recovery time, improve worker productivity, increase property values and have even been linked to a 
reduction in crime as per Carpenter [3], Grové [10] and Maas [13].  Rooftop spaces may even be used as urban 
agriculture space, which contributes to help ensure food security. It enhances community participation in the food 
system and it may even improve health as suggested by Van Niekerk et al. [21].  According to Green Roofs for 
Healthy Cities [8], the growth of green roofs opens up new job opportunities for local people.  These job 
opportunities are related to manufacturing, design, plant growth, installation, and maintenance.  According to the 
Economist [6], Johannesburg is ranked the 7th most polluted city in the world and has a reading of 66 PM10.  
Sulphur dioxide, Nitrogen dioxide, Nitrogen Oxide, Oxides of nitrogen, PM10, Carbon monoxide, Lead, Ozone, 
PM2.5, and Benzene are present in the ambient air of Johannesburg.  PM10 is of the greatest concern; however the 
rest of the pollutants do exceed the baseline at times as presented by Gondwana Environmental Solution [7].  
According to Momberg and Grant [15], the causes of highly polluted air quality in Johannesburg are due to domestic 
coal burning, vehicle emission, mining operations, industrial activities, waste disposal and incineration.  Vegetation 
may help improve air quality of various different pollutants in cities.  According to Nowak, Crane and Stevens [17], 
with a 42% tree cover in the city, the improvement of the air quality is more or less 1%.  However, the greater the 
area of plant and tree cover, the more air may be filtered by the vegetation. 
According to Peck and Kuhn [18], the location and climate need to be taken into consideration when designing 
the rooftop garden and when deciding what types of plant species will best adapt to the location and climate.  The 
regional climate, wind, solar radiation, temperature and shade are factors to take into consideration.  Biello [2] 
explains that it is important to know what the weight load capacity is of the structure and how heavy each layer is 
that will be installed in order to make sure that the weight load capacity is not exceeded.  The dead weight, live 
weight and transient weight need to be taken into calculation as explained by Miller [14].  The professional team can 
include a structural engineer, civil engineer, architect, landscape architect, mechanical engineer, horticulturalist, 
ecologist, biologist, a roofing consultant, an artist, planner and/or quantity surveyor [8].  Green Roofs for Healthy 
Cities [8] states that the number of different consultants that will be needed for the design and construct of the green 
rooftop system depends on the scope of the green rooftop garden.  The roof needs to have a primary and secondary 
drainage system.  The primary drainage system is to drain water at the lowest points on the roof and the secondary 
drainage system is an overflow backup system for when the water starts to build UP as explained by Carpenter [3] 
and Landscaping and Landscape Development Research Society [12].  Access to the roof is important for 
installation, ongoing maintenance and to get the material on the roof as stated by Peck and Kuhn [18]. 
There are five layers that need to be constructed prior the vegetation layer.  Layer one is the waterproofing layer 
that consists of derbigum as per Derbigum Manufacturing [5].  Layer two is the root barrier that is made out of 250-
micron polythene sheeting as per Polyfast [19].  Layer three is the internal drainage system, which consists of Delta 
MS20P (perforated) polyethylene dimpled sheeting as provided by Waterproofing Centre [23].  Layer four is the 
separation and additional root barrier layer (the Bidim A2 geotextile) and the fifth layer is the planting medium, 
which should ideally be lightweight, well-drained, and be able to retain a high degree of water without becoming 
waterlogged.  The planting medium mix should be 60-80% inorganic materials and 20-40% organic materials as 
explained by Van Niekerk et al. [21].  The materials for the five layers are available in South Africa. 
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Eleven species have been identified that might thrive on a green rooftop system in Johannesburg, South Africa.  
These species includes perennials, succulents and shrubs as presented by Hickman [11].  Some of the plant species 
have beautiful flowers.  Beautiful green spaces may be developed using the appropriate plant species. 
3. Method of study 
The empirical data were gathered by means of questionnaires and field notes.  Questionnaires were sent out to the 
individuals working in the built environment to obtain expert opinions as well as to citizens of Johannesburg in 
order to obtain the view and perspective of the general population regarding green rooftop systems.  Rooftops in 
Johannesburg were investigated and field notes were taken in order to determine the current standing and potential 
of green rooftop systems in Johannesburg. 
4. Field data – Roofs in Johannesburg 
Field notes have been taken by observing three buildings in Sandton, Johannesburg with green rooftop systems.  
The green rooftop systems are in the form of big planter boxes filled with growing medium.  The planter boxes are 
vegetated with shrubs and small trees, with loose standing pot plants.  The DaVinci Hotel and The Michelangelo use 
the vegetated space for recreational space and relaxing space.  Sandton Convention Centre has the vegetation on the 
side of the building for aesthetic reasons and is not accessible to the public.  The three commercial buildings 
investigated are all in Sandton, which is a financial hub in Johannesburg.  This indicates that green rooftop systems 
feature in affluent areas.  
Houses in Johannesburg do not normally have green rooftop systems installed.  There is a house in the western 
suburbs of Johannesburg with an extensive green rooftop system.  The western suburbs of Johannesburg are an 
affluent area and therefore have the finances to install a green rooftop system. 
There are multiple roofs with the potential for green rooftop systems in Johannesburg CBD.  From the highest 
skyscraper in Johannesburg CBD, multiple roofs are visible; however, none of the roofs have green rooftop systems.   
 
Fig.1. Roofs of buildings in Johannesburg CBD 
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5. Analysis of questionnaires – South African perspective 
The questionnaire was circulated to practicing quantity surveyors, architects, engineers and contractors in the 
construction industry as well as citizens of Johannesburg by means of email.  The response rate was 42.77%.   
The purpose of the first 3 questions in section 1 was to determine the familiarity of green rooftop systems 
amongst professionals in the construction industry and citizens.  The aim of the question was to determine if there is 
a lack of knowledge in the construction industry in South Africa regarding green rooftop systems. The citizens 
indicated that they were familiar with green rooftop systems, but the professionals were unfamiliar with the concept 
in the construction industry.  Green rooftop systems are not well known or seen in South Africa, as 57.35% of the 
respondents had never seen a green rooftop system in South Africa.  Some of the respondents had seen green rooftop 
systems in the following provinces of South Africa: Gauteng, Western Cape, KwaZulu Natal and Northern Cape.  Of 
the three types of green rooftop systems, the respondents indicated that the semi-intensive green rooftop system is 
the most feasible for South African circumstances and the intensive green rooftop systems to be not feasible at all.  
The semi-intensive green rooftop system is feasible due to the structural changes to existing buildings being 
minimal, affordable and possible to accommodate the system.  Implementing an intensive green rooftop system on 
an existing building is not feasible due to the extensive and expensive structural changes required accommodating 
the system, the extensive alterations are not always possible.  As for the extensive green rooftop system, little to 
none alterations are required to the structure of an existing building and thus feasible, but the system does not meet 
the requirements to be aesthetical and recreational.     
Certain advantages to the micro and macro environment provided by the presence of green rooftop systems would 
encourage developments.  The advantages of the macro environment considered included: Improved air quality 
mitigating the heat island effect, aiding storm water management and food production.  The advantages of the micro 
environment considered included: aesthetical satisfaction, provision of recreational space, creation of habitats, 
insulating buildings, keeping sounds out, life extension of the roof membrane, increasing property value, provision 
of a secure and safe recreational space, the demand for it, providing a place that you can identify with, providing a 
private outside space and provision of a place where you can create memories and feel belonged. Of the advantages 
that were presented to the respondents, improved air quality emerged as the most important factor that may 
encourage the development of green rooftop systems.  The second to fifth important factors are aesthetical 
satisfaction, recreational space, habitats and job creation that may encourage the development of green rooftop 
systems.  Of the advantages provided by the presence of green rooftop systems, Johannesburg might specifically 
benefit from certain advantages due to either a lack thereof or experiencing difficulties in that area, and thus green 
rooftop systems might aid in filling the gaps.  According to the respondents, Johannesburg will benefit most from the 
improved air quality offered by green rooftop systems as well as better insulated buildings, job creation, aesthetical 
satisfaction and mitigating the heat island effect.  There are three advantages that are present in both the 
encouragement of the development of green rooftop systems and benefitting Johannesburg specifically.  These three 
advantages are improved air quality, job creation and aesthetical satisfaction.  
The data indicate that 73.53% of the respondents live and or work within 1km of a green area, although most of 
the respondents do not utilize the parks at all.  The respondents were asked why they do not untilize the parks in 
order to determine if green rooftop systems might contribute to the solution.  The reasons for not utilizing the parks 
are due to crime and general danger.  The health benefits provided by green rooftop systems were presented to the 
respondents and are the following: promotion of health, decreasing stress, reducing depression, reducing anxiety, 
improving worker productivity and reducing patient recovery time.  Taking the health benefits into consideration, the 
majority of the respondents are willing to pay more for property with a green rooftop system.   
The respondents indicated that they did not have any experience in the construction of green rooftop systems, 
however factors that might limit the development of green rooftop systems were presented and included:  structural 
integrity, high cost, maintenance and vermin problems.  Structural integrity seems to be the most important factor 
that may limit the development of green rooftop systems as well as high cost.  Certain ways to encourage the 
implementation of green rooftop systems in South Africa were presented to the respondents and includes the 
following: Incentives, public buildings as display, municipal grants, building regulations, state legislation, 
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competitions and awards and communication, negotiation and persuasion.  According to the respondents, the most 
successful ways that might encourage the development of green rooftop systems in South Africa is by incentives and 
public buildings as display.   
South Africa often has water shortage problems.  The respondents indicated that gathering of stormwater, 
recycled water and indigenous vegetation would rather be considered than not developing green rooftop systems.  
The respondents indicated that the type of plants preferred for green rooftop systems are those that require little 
maintenance.  Plants those are aesthetically pleasing, resistant, heats resistant, indigenous, wind resistant and hardy 
are important, to be successful on the rooftops of buildings.  Aesthetical satisfaction is important and needed in 
Johannesburg and thus various indigenous plants that suit the rooftop conditions were presented to the respondents 
in order to determine if they would consider the plants for rooftop systems to contribute to aesthetical satisfaction.  
According to the respondents, the preferred plants are the aloes, Kranz Aloe and Soap Aloe, and Klipsalie that seem 
to be the most popular plants amongst the respondents.   
6. Conclusions 
Green rooftop systems represent a new concept in South Africa that is underdeveloped due to a lack of knowledge 
in the construction of green rooftop systems and a lack of knowledge regarding the benefits provided by green 
rooftop systems to the surroundings thereof and the financial impact thereof.  Johannesburg will benefit from green 
rooftop systems and has the potential for the implementation of green rooftop systems.  The citizens and 
environment will benefit from improved air quality, better insulated building, job creation, aesthetical satisfaction, 
eliminating the heat island effect, stormwater management and economic growth, increased property values, 
sustainable city, secure and safe areas, promotion of health and decrease in stress, anxiety and depression as well as 
the conservation of indigenous plant species.  
The financial impact of the development of green rooftop systems is a concern.  However, there is a demand for 
green rooftop systems and therefore increases property value, thus developments are feasible regardless of the extra 
costs.  Despite water shortage, respondents would rather use alternative methods to solve the water shortage problem 
than not to develop green rooftop systems. 
To encourage the development of green rooftop systems in South Africa, and specifically Johannesburg, 
incentives may play a role.  Improved air quality (macro environment), job creation and aesthetics (micro 
environment) are three elements that will encourage the development of green rooftop systems as well as being 
beneficial to Johannesburg.  Thus the three elements are regarded as the components that will encourage 
professionals and citizens to develop green rooftop systems and thus green buildings in the Johannesburg area. 
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